In this report, synthesis of indenopyrido[2,3-]pyrimidine and pyrimido[4,5-]quinoline derivatives was investigated via onepot three-component reaction between 6-amino-2-(alkylthio)-pyrimidin-4(3 )one, 1,3-indanedione, or 1,3-cyclohexadione and arylaldehyde under ultrasonic irradiation in ethylene glycol as solvent at 65 ∘ C. In these reactions fused pyrimidine derivatives were synthesized with high to excellent yields (82-97%) and short reaction times (10-33 min).
Introduction
Pyrimidine structural moiety constitutes a major class of heterocyclic compounds which have various pharmaceutical applications. For example, they are found to possess antineoplastic [1] [2] [3] , antiviral [4] [5] [6] , antibiotic [7] , and antiinflammatory properties [8] . Pyrimidines also exhibit a range of pharmacological activities such as antibacterial [9] [10] [11] , antifungal [12, 13] , anticancer [14, 15] , and cardioprotective effects [16] . Bicyclic and tricyclic fused pyrimidine derivatives have received much attention in connection with biologically significant systems such as pyrido [2,3d] pyrimidines. Pyrido [2,3-d] pyrimidine structural motif is present in pirenperone (tranquilizer) [17] and ramastine (antiallergic) [18] , as well as in some antiulcerative and antiasthmatic agents [19] . In addition, quinolines have pharmacological properties which include wide applications in medicinal chemistry; for example, this scaffold structure is present in anti-inflammatory agents, antimalarial drugs, and antihypertensive, antiasthmatic, antibacterial, and tyrosine kinase inhibiting agents [20] [21] [22] [23] [24] [25] .
Moreover the importance of uracil and its annulated derivatives is well recognized by synthetic [26, 27] as well as biological [28, 29] chemists. The 6-amino-uracil derivatives represent very important classes of functionalized uracils; also 6-amino-uracils find wide applications as starting materials for the synthesis of a number of fused uracils of biological significance, for example, pyrano-, pyrido-, pyrazolo-, pyrimido-, and pyridazinopyrimidines [30, 31] .
On the other hand, ultrasonic reactions have been increasingly used as clean, green, and environmentally benign routes for the preparation of organic compounds of synthetic and biological values [32] [33] [34] [35] [36] [37] . A large number of organic reactions can be carried out in higher yield, shorter reaction time, and under milder conditions, by using ultrasonic irradiation [38] [39] [40] [41] .
These observations led us to attempt the synthesis of some new fused pyrimidine derivatives using 6-aminoalkyltiouracil as starting material under sonochemical conditions. The present work describes our approach for the synthesis of polyfunctional pyrimidines using green chemistry.
Experimental
2.1. Chemicals and Apparatus. Melting points were measured on an electrothermal 9100 apparatus. IR spectra were determined on a Shimadzo IR-470 spectrometer. 1 H NMR and 13 C NMR spectra were recorded on a 400 MHz Bruker DRX-400 in DMSO-d 6 as solvent and TMS as an internal standard. Chemical shifts on 1 H and 13 C NMR were 2 Organic Chemistry International expressed in ppm downfield from tetramethylsilane. Sonication was performed in Elmasonic S 40H ultrasonic cleaning unit. Elemental analyses were carried out on a Carlo-Erba EA1110CNNO-S analyser and agreed with the calculated values. All the chemicals were purchased from Merck and used without further purification. All solvents used were dried and distilled according to standard procedures.
General
Procedure for the Synthesis of (4a-r). A mixture of equimolar amounts of 6-amino-2-(alkylthio)pyrimidin-4(3H)-one 1 (1 mmol), 1,3-indanedione 2 (1 mmol), or 1,3cyclohexadione 5 and aldehydes 3 (1 mmol) in ethylene glycol (5 mL) was placed in a Pyrex-glass open vessel and irradiated at 65 ∘ C by ultrasonic irradiations (40 kHz) (for conventional conditions, the reaction mixture was heated under reflux conditions). The progress of the reaction was monitored by TLC (EtOAc/petroleum ether 8 : 4) . After completion of reaction, the mixture was concentrated and cooled. The solid obtained was filtered off and recrystallized from EtOH/H 2 O (1/1) to furnish the desired pure product. [5,6:1 ,2 ] pyrido [2,3-d] [5,6:1 ,2 ] pyrido [2, 3-d] [5,6:1 ,2 ] pyrido [2,3-d] [5,6:1 ,2 ] pyrido [2,3-d] [5,6:1 ,2 ] pyrido [2,3-d] [5,6:1 , 2 ] pyrido [2,3-d] [5,6:1 ,2 ] pyrido [2,3-d] 2.3.14. 5-(4-Chlorophenyl)-2-(ethylthio)-5,11-dihydro-3H-indeno [2 ,1 :5,6] pyrido [2,3-d] [2 ,1 :5, 6] pyrido [2,3-d] 
Spectral Data for the Products
2.3.1. 5-(4-Chlorophenyl)-2-(methylthio)-3H-indeno
2-(Methylthio)-5-phenyl-3H-indeno

5-(4-Bromophenyl)-2-(methylthio)-3H-indeno
5-(4-Fluorophenyl)-2-(methylthio)-3H-indeno
5-(2-Bromophenyl)-2-(methylthio)-3H-indeno
2.3.6. 5-(2-Chlorophenyl)-2-(methylthio)-3H-indeno[5,6:1 ,2 ] pyrido[2,3-d]pyrimidine-4,6 (5H,11H)-dione (4f).
5-(2-Hydroxyphenyl)-2-(methylthio)-3H-indeno
2.3.8. 5-(2,4-Dichlorophenyl)-2-(methylthio)-3H-indeno[5, 6:1 ,2 ]pyrido[2,3-d]pyrimidine-4,6 (5H,11H)-dione (4h
2-(Methylthio)-5-(p-tolyl)-3H-indeno
2-(Ethylthio)-5-phenyl-5,11-dihydro-3H-indeno
Results and Discussion
As part of our continuing efforts on the development of new synthetic strategies for the preparation of heterocyclic compounds [42] [43] [44] [45] [46] [47] [48] , herein we wish to report one-pot threecomponent synthesis of fused pyridopyrimidines under sonochemical conditions without the use of catalyst (Schemes 1 and 2).
In the initial experiment, to optimize the reaction conditions, different solvents were screened for the synthesis of 5-(4-chlorophenyl)-2-(methylthio)-3H-indeno [5,6:1 ,2 ]pyrido[2,3-d]pyrimidine-4,6 (5H,11H)-dione 4a as a model reaction. The reaction between equimolar amounts of 6-amino-2-(methylthio)pyrimidin-4(3H)-one 1 (prepared by the condensation of thiourea with ethylcyanoacetate in sodium ethoxide and followed by alkylation with alkyliodide [49] ), 1,3-indanedione 2, and 4-chlorobenzaldehyde were examined in various solvents and different temperatures 6 Organic Chemistry International (25, 50, 65, and 80 ∘ C) under sonochemical conditions. The results of this study are summarized in Table 1 . It is evident from the results that ethylene glycol is the most effective solvent among the selected solvents, giving the highest yield (95%) and lower reaction time (25 min) under ultrasound irradiation (entry 1). For comparison, the preparation of 4a was carried out under conventional heating at reflux conditions which furnished the desired product at lower yield and much higher reaction time (180 min) ( Table 1 , entry 1). The results revealed that the reaction induced by ultrasonic irradiations offered better result than the conventional condition (Figure 1 ). Using the optimized reaction conditions various derivatives of indenopyrido[2,3-d]pyrimidines 4a-r (Scheme 1) were prepared in high to excellent yields (85-97%) and lower reaction times (Table 2) . Due to remarkable results from the above experiments, we decided to broaden the scope of this protocol for Organic Chemistry International 7 the synthesis of quinoline derivatives as another fused pyrimidine derivative. We investigated the reaction between 6-amino-2-(ethylthio)pyrimidin-4(3H)-one 1, 1,3-cyclohexadione 5, and arylaldehydes 3 under the aforementioned optimized reaction conditions and obtained pyrimido [4,5b] quinoline-4,6-diones 6a-f (Scheme 2) in high yields (82-95%) and short reaction times (10-25 min) ( Table 3 ).
The plausible mechanism of this MCRs involves Knoevenagel condensation between CH-acid (2 or 5) and aryl aldehydes (3) resulting in the arylidene intermediate 7, followed by Michael addition of enaminone 1, cyclization, and removal of H 2 O to form the desired products (4 or 6) (Scheme 3).
All the synthesized pyridopyrimidine derivatives were characterized on the basis of elemental and spectral ( 1 H NMR, 13 C NMR, and IR) analyses.
Conclusion
In summary, we have developed a simple, green, and efficient protocol for the synthesis of novel fused derivatives of pyrimidine under ultrasonic irradiations. The easy work of the products, without the use of catalyst, mild reaction condition, high to excellent yields, short reaction times, and cleaner reaction profiles are the notable features of this
